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(54) OPTICAL TRANSMITTER 

(57)Abstract: 

PURPOSE: To obtain constitution wherein the loss of a 
dispersed medium causes no deterioration in reception 
sensitivity while adding the dispersed medium which 
compensates the dispersion of a transmission line. 
CONSTITUTION: A receiver consisting of an optical 
amplifier OA and an O/E conversion part has its S/N as 
a receiver determined by an initial-stage optical amplifier 
OA and has higher sensitivity than reception by only the 
O/E. Further the level itself of an optical signal after 
optical amplification is not S/N- sensitive. For the 
purpose, the output level of the OA is set much higher 
than the reception sensitivity of the 0/E and then even 
when the dispersed medium is interposed between the 
OA and OE, the dispersion can be compensated without 
any influence upon the reception sensitivity. 



OA 



LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner s decision of 
rejection] 

[Kind of final disposal of application other than 
the examiner's decision of rejection or 
application converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner's decision 
of rejection] 



[ Claims ] 

[Claim 1] An optical transmitter comprising a 
dispersive medium for compensating a dispersion 
characteristic in a transmission line between an 
optical amplifier and an optical electrical 
converting section, or between an optical amplifier 
and an optical amplifier, in an optical receiving 
circuit, an optical transmission circuit or an optical 
repeater, which has one or a plurality of optical 
amplifiers . 

[Detailed Description of the Invention] 
[ 0001 ] 

[ Industrial Applicability] 

The present invention relates to an optical 
transmitter, which is required in a high-speed optical 
transmission system and a long distance relay 
transmission system . 
[ 0002 ] 

[Prior Art] Waveform distortion due to 

dispersion in optical fiber as the transmission line 
and spectral spread of signal light, which is 
transmitted therethrough, was a significant problem 
for achieving high-speed and long distance relay 
digital optical transmission system. As a solving 
method of the above problem, the most effective method 
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is to reduce the dispersion in the fiber to zero. 
However, in a given fiber, the dispersion of the fiber 
becomes zero only at a specific wavelength 
(zero-dispersion wavelength) ; the plus/minus sign of 
the dispersion is inverted in either side of the 
zero-dispersion wavelength; and the dispersion 
becomes larger as the wavelength is away from the 
zero - dispersion wavelength. When taking an actual 
system from the view point of the variation of the 
wavelength characteristic in a fiber and a light 
source, even in a system which utilizes the 
zero - dispers ion wavelength of the fiber, the 
wavelength of the light source and the zero - dispersion 
wavelength of a used fiber do not perfectly agree with 
each other. Accordingly, a finite dispersion a is 
included in the wavelength. Therefore, as shown in 
Fig. 4, a dispersive medium (for example, a fiber), 
which has the just opposite dispersion (-a) with 
respect to the dispersion of the fiber as the 
transmission line, is connected to reduce the total 
dispersion to zero. Thereby, after removing the 
degradation in the waveform due to the dispersion, the 
signal light can be converted into electrical signal 
by a light receiving element. 
[ 0003 ] 

[Problems to be Solved by the Invention] In 
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the above - described prior art, there resides the 
following problem. Generally, since a direct 
detection system, which converts the intensity of the 
optical signal into electrical signal, is simple and 
provides satisfactory characteristics, the direct 
detection system is widely employed as a practical 
device. However, in the direct detection system, the 
S/N-ratio of the demodulated electrical signal is 
determined depending on the noise characteristic of 
an O/E converting section and the power of input 
optical signal. Accordingly, when a dispersive 
medium is added, the medium causes to reduce the 
reception sensitivity by a level equivalent to the 
loss thereby. The above problem is the same for the 
transmission side. That is, the dispersive medium 
reduces the transmitting output by a level equivalent 
to the loss thereby. Accordingly, allowable loss, 
which is allotted to the transmission line as 
difference in transmission/reception level, is 
reduced. That is, in order to compensate the 
degradation in the waveform due to the dispersion, the 
reduction of the difference in 

transmission/reception level occurs simultaneously. 
Therefore, the direct detection system is not always 
a practical and effective method. 
[0004] 
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The present invention has been achieved to solve 
the above mentioned problem. An object of the 
invention is to provide an optical transmitter, which 
enables such configuration that dispersive medium for 
compensating dispersion in the transmission line is 
added, but the loss by the dispersive medium causes 
no degradation in the reception sensitivity. 
[ 0005 ] 

[Means for Solving the Problems] 

The present invention is characterized in that 
an optical transmitter comprises a dispersive medium 
for compensating a dispersion characteristic in a 
transmission line between an optical amplifier and an 
optical electrical converting section, or between an 
optical amplifier and an optical amplifier, in an 
optical receiving circuit, an optical transmission 
circuit or an optical repeater, which has one or a 
plurality of optical amplifiers. 
[ 0006 ] 
[ Operation ] 

According to the present invention, it is 
possible to compensate the dispersion in the 
transmission line without lowering the performance of 
a transmitter caused by the loss of the dispersive 
medium due to suitable combination between an optical 
amplifier and a dispersive medium for a device. 
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[ 0007 ] 

[Embodiments of the Invention] 

Now, referring to the drawings, a first, second, 
third and fourth embodiments according to the present 
invention will be described below. In the present 
invention, it is possible to compensate the dispersion 
in the transmission line without lowering the 
performance of a transmitter caused by the loss of the 
dispersive medium due to suitable combination between 
an optical amplifier and a dispersive medium for a 
device. That is, in the direct detection system, the 
S/N is determined by an optical electrical converting 
section, and is converted into base-band electrical 
signal. Therefore, after the optical/electrical 
conversion, the influence of the dispersion in the 
transmission line cannot be equalized. Accordingly, 
the dispersion medium has to be interposed in front 
of a circuit, which determines the S/N. Accordingly, 
the loss by the dispersion medium is sensitively 
reflected on the reduction of the difference in 
transmission/reception level. In order to solve the 
above problem, in a receiver in accordance with the 
present invention shown in Fig, 5, which comprises an 
optical amplifier OA and an 0/E converting section, 
the S/N as the receiver is determined by the optical 
amplifier OA in the first step; and the S/N is higher 
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in sensitivity than the case of reception with the O/E 
only. Further, after the optical amplification, the 
level itself of the optical signal is not 
S/N- sensitive . Accordingly, by setting the output 
level of the OA to a level satisfactorily higher than 
the reception sensitivity of the O/E, it is possible 
to obtain such configuration that, even when the 
dispersive medium is interposed between the OA and the 
OE , compensates the dispersion without giving any 
influence on the reception sensitivity. 
[0008 ] 

First embodiment. Fig. 1 shows a case where an 
optical receiving section is configured upon 
employing the above - described principle. A symbol 
n C" denotes a coaxial cable; "O/E" denotes an 
optical/electrical conversion circuit; "D" denotes a 
dispersive medium; "OA1" and w OA2" denote an optical 
amplifier, respectively; and "F" denotes an optical 
fiber. In the case where the loss of the dispersive 
medium is large, the OA2 is necessary. 
[0009] 

Second embodiment. Fig. 2 shows an embodiment 
in the case where an optical amplifier is employed as 
an optical repeater. The dispersion in the 

transmission line is made to compensate upon 
interposing a dispersive medium, which gives the 
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dispersion of a fiber in a transmission line to an 
inverted dispersion previously, between two optical 
amplifiers. In Fig. 2, "Fl" and 1, F2 ff denote an 
optical fiber respectively; n D" denotes a dispersive 
medium; and "OAl" and "0A2" denote an optical 
amplifier respectively. By an optical amplifier OA1 
in a first step, after amplifying an optical signal, 
which is attenuated in the transmission line, the 
dispersion in the transmission line can be compensated 
without allowing the output characteristics of the 
optical signal to be degraded by using the same 
principle and configuration as that of the first 
embodiment. In the case of this device, the S/N is 
determined by the OA1 , which amplifies the arrived 
optical signal first. Accordingly, a downstream 
dispersive medium compensates the dispersion without 
causing any degradation in the S/N-ratio. When the 
optical output of the optical amplifier in the first 
step is satisfactorily high, or when the loss of the 
dispersive medium is negligible, the OA2 may be 
omitted . 
[ 0010 ] 

Third embodiment. Fig. 3 shows an embodiment in 
a transmitting section. The transmitting section 
comprises a dispersive medium, which previously gives 
an inverted dispersion to the transmission line fiber 
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dispersion, and an optical amplifier, which 
compensates the optical loss caused by the dispersive 
medium. In Fig. 3, "C denotes a coaxial cable; "E/O" 
denotes an electrical/optical conversion circuit; 
n D" denotes a dispersive medium; "OA" denotes an 
optical amplifier; and "F" denotes an optical fiber. 
In a configuration such that the E/O output from an 
electrical/optical converting section is directly 
input to an optical amplifier OA without using any 
dispersive medium D, when an Er-doped optical fiber 
amplifier is used as the optical amplifier OA, the 
optical output power PO from the electrical/optical 
conversion section E/O is amplified by an level 
equivalent to the gain of the optical amplifier OA. 
However, even when the optical output power PO is 
increased exceeding the input power Pin of the optical 
amplifier OA, which is larger than the saturation 
output of 3dB of the optical amplifier OA, since the 
output from the optical amplifier OA is saturated, the 
optical output power is increased little. By 
interposing a dispersive medium D between the 
electrical/optical conversion section E/O and the 
optical amplifier OA as shown in Fig. 3, not only that 
the loss caused by the dispersive medium D is 
compensated by the optical amplifier OA, but also the 
optical output power PO is further amplified. 
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Particularly, under the condition that saturation has 
occurred, the loss caused by the dispersive medium D 
gives no influence on the output power from the optical 
amplifier OA, because loss caused by the dispersive 
medium D is equal to or more than the reduced relative 
to the unsaturated gain in the optical amplifier. For 
example, in the case where a gain compression of lOdB 
is generated by the saturation in the optical 
amplifier OA, when the loss caused by the dispersive 
medium D is lOdB or less, the optical output power from 
the transmitting section is the same as the case where 
the dispersive medium D is not interposed therebetween. 
Accordingly, the output performance is not degraded 
by the loss caused by the dispersive medium D. 
[ 0011 ] 

Fourth embodiment. Fig. 4 is an embodiment of 
the case where an optical fiber is specifically used 
as the dispersive medium. This is an example in which 
a fiber amplifier doped with a rare earth ion (erbium) 
is used as the optical amplifier. This is a 
configuration such that a wavelength dispersion in a 
dispersion shift fiber of 150km (Fl), which is used 
as the transmission line, is eliminated by a 
dispersive medium, which is interposed between the 
optical amplifier (OA) and the optical electrical 
conversion (O/E) (optical fiber F2; which has an 
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inverted sign of the wavelength dispersion and a 
larger value with respect to Fl) . That is, as shown 
in Fig. 7 and Fig. 8, the effect of the dispersion 
compensation can be experimentally verified. 
[ 0012 ] 

[Effects of the Invention] 

As described above, according to the present 
invention, in the optical transmitting section, in the 
optical repeater section or in the optical receiving 
section, it is possible to compensate the dispersion 
of the fiber in each transmission line without 
allowing the characteristics to be degraded caused by 
the loss of the dispersive medium for compensation. 
Accordingly, the optical signal with a waveform 
distortion can be obtained after a long distance 
transmission. 

[Brief Description of the Drawings] 

Fig. 1 is a diagram showing a configuration of 
a first embodiment of the present invention. 

Fig. 2 is a diagram showing a configuration of 
a second embodiment of the present invention. 

Fig. 3 is a diagram showing a configuration of 
a third embodiment of the present invention. 

Fig. 4 is a diagram showing a conventional 
configuration . 

Fig. 5 is a diagram showing an example of a 
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configuration of a receiving circuit in which the 
optical amplifier of the present invention is 
employed . 

Fig. 6 is a diagram showing a configuration of 
a fourth embodiment of the present invention. 

Fig. 7 is a diagram showing a waveform after 
150Km transmission without dispersive medium 
according to the fourth embodiment of the present 
invention . 

Fig. 8 is a diagram showing a waveform after 
150Km transmission with dispersive medium according 
to the fourth embodiment of the present invention. 
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[FIG. 6] 

(1) ZERO-DISPERSION OPTICAL FIBER Fl 

(2) OPTICAL AMPLIFIER OA 

(3) OPTICAL/ELECTRICAL CONVERSION O/E 

(4) OPTICAL FIBER F2 (DISPERSIVE MEDIUM) 

(5) OPTICAL TRANSMITTER (RECEIVER) 



[FIG. 7] 

(1) WAVEFORM AFTER 150KM TRANSMISSION 

(2) WITHOUT DISPERSIVE MEDIUM 



[FIG. 8] 

(1) WAVEFORM AFTER 150KM TRANSMISSION 

(2) WITH DISPERSIVE MEDIUM 
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